Introduction
Isocorroles are fascinating hybrid ligands that combine the dianionic character of porphyrins with the sterically constricted N 4 cavity of corroles (Figure 1 ). In addition, with significant absorptioni nt he near-IR, they are of considerable interesta s near-IRd yes for medical imaging. Traditionally,i socorroles have been synthesized from linear mono-, di-, and tetra-pyrrolic startingm aterials.
[1] Recently,P aolesse et al. showed that they could also be directly accessed from corroles. An attemptt o synthesize afree-base b-octabromocorrole through the interaction of free-base meso-triarylcorrole and N-bromosuccinimide resultedi nstead in af ree-base b-octabromoisocorrole, which, interestingly,a romatized to ac orrole when complexed to Co III . [2] Subsequently,t he same group synthesized b-unsubstituted meso-triarylisocorroles through DDQ oxidation of the corresponding free-base corroles.
[3] Attempts to demetalate silver corroles [4] and to selectively brominate a b-nitrocorrole [5] also afforded unexpected routest oisocorroles. Reductive demetalation of Cu b-octabromocorroles with concentrated sulfuric acid and an excesso fareducing agent such as Fe II or Sn II finally provided ar eliable route to free-base b-octabromocorroles. [6] We also discovered that prolonged exposure to an acidic mediums uch as CHCl 3 /H 2 SO 4 without an added reductant resulted in moderate yields of 5-and 10-hydroxyisocorroles. Details of such ap rotocol have recently been published for undecaarylisocorroles. [7] Presented herein are the results of our continued studies on sterically hindered isocorroles, including optimized protocols for the synthesis of 5/10-hydroxy-b-octabromo-meso-triphenylisocorrole, H 2 [iso-5/10-OHBr 8 TPC],a nd its complexation to Co II and Ni
II
.A lso presented are our first resultso nt he demetalation of ac opper b-octakis-(trifluoromethyl)-meso-triarylcorrole. The various products obtained were characterized as far as possible with single-crystal X-ray crystallography;a sd iscussed below,t he results, at otal of five X-ray structures (Table 1) , provide substantial insights into the structural characteristics of isocorrole derivatives.
Presented herein is as tudy of the acid-induced demetalation of two sterically hindered copperc orroles, Cu b-octabromomeso-triphenylcorrole (Cu[Br 8 (7) 14.5129(6) 13.3041 (7) 25.9102 (7) 100 (2)100 (2)100 (2) 100 (2) ces and essentially planar isocorrole cores. Like corroles, isocorroles thus appear to be strongly resistant to nonplanar distortions, which is thought to be ac onsequence of the rigidity of the C1-C19 pyrrole-pyrrole linkagea nd its resistance to both twistinga nd pyramidalization.B oth metalloisocorrole structures exhibit intramolecular hydrogen bonding involving the meso-OH groups and intermolecular metal-b-bromine interactions ( Figure 4a nd Figure 5 ). Finally,t he new isocorroles exhibit fairly strong near-IR absorption ( Figure 6 ), which may promise application as anear-IR dye in medicalimaging and/orphotodynamic therapy.
b-Octakis(trifluoromethyl)-meso-triarylisocorrole Derivatives
Although copper [9] and gold [10] b-octakis(trifluoromethyl)-mesotris(p-X-phenyl)corrole derivatives, M[(CF 3 ) 8 TpXPC] (M = Cu, Au), were synthesized in one of our laboratories af ew years ago, au seful demetalation procedure for the complexes has so far provede lusive. Reported herein is the first such demetalation, carried out under reductivec onditions on the complex Cu[(CF 3 ) 8 TpOMePC], and thec omplexation of the resulting free base to cobalt(II). As shown in Figure 7 , the demetalation occursw ithatwist:t he metal-freep roduct obtained in high yield is not an isocorrole, but rather ah ydrated corrole, with the elements of water added across C 5 and C 10 ,w hereas the Co II complexi sa10-hydro isocorrole. The X-ray structure of the free-base product, denoted herea sH 3 [5-OH,10-H-(CF 3 ) 8 TpOMePC],r evealed as trongly saddled macrocyclic core, clearlyaresult of exceptional steric crowdingo wing to the three central NH groups and the peripheral substituents (Fig- [11] The X-ray structure of the Co II complex, denoted here as Co[iso-10-H-[CF 3 ) 8 TpOMePC],o nt he other hand, was found to exhibit ap lanar isocorrole core (Figure 8b) , with intermolecular Co···OMe interactions (Figure 8c ). Like other isocorrole derivatives, Co[iso-10-H-[CF 3 ) 8 TpOMePC] was also found to exhibit astrongn ear-IR feature (l max = 707 nm) (Figure 9 ).
Conclusions
Optimized protocols have been developedf or the demetalation of the sterically hindered copperc orroles Cu[Br 8 could only be demetalatedu nder reductivec onditions and the major product turnedo ut to be au nique 5-hydroxy-10-hydro corrole,t hat is, af ree-base hydrated corrole. The free-base ligands coulda ll be complexed to Co II and/or Ni II to afford stable metalloisocorroles. X-ray structureso ft he metal complexes exhibited short metal-nitrogen bonds and essentially isocorrole cores. The stability and robustness of both the freebase ligandsa nd metalloisocorroles reported herea ppear to foreshadow abright future forisocorroles as transition-metal ligands.T he strong near-IR absorption of isocorroles also promises applicationsa sn ear-IRd yes, notably in medicinal applications such as photodynamic therapy.
Experimental Section Materials
All reagents and solvents were used as purchased. Silica gel 60 (0.04-0.063 mm particle size;2 30-400 mesh, Merck) was used for flash chromatography.S ilica gel 60 preparative thin-layer chromatographic plates (20 20 cm;0 .5 mm thick, Merck), were used for further purification where relevant. The starting materials Cu[Br 8 TPC] [12] and Cu[(CF 3 ) 8 TpOMePC] [9a] were synthesized as previously described.
Instrumentation
UV/Vis spectra were recorded on an HP 8453 spectrophotometer in CH 2 Cl 2 .A ll NMR spectra were obtained on aM ercury Plus Varian spectrometer at 298 K. 19 FNMR spectra were referenced to 2,2,2-trifluoroethanol-d 3 (d = À77.8 ppm) at 376 MHz. High-resolution electrospray ionization (HR-ESI) mass spectra were recorded on an LTQO rbitrap XL spectrometer. 
Synthesis of H 2 [iso-5-OH-Br 8 TPC] and H 2 [iso-10-OH-Br 8 TPC]
To ap re-sonicated and stirred solution of Cu[Br 8 TPC] (62 mg,0.051 mmol) in CHCl 3 (10 mL) was added concentrated H 2 SO 4 (95-97 %, 6mL) in ad ropwise manner over 6min. The resulting suspension was stirred and sonicated alternately over 2h. The green suspension obtained was shaken with distilled H 2 O (100 mL 2) and extracted with CHCl 3 .T he organic phase was washed with saturated aqueous NaHCO 3 ,d ried over anhydrous Na 2 SO 4 ,a nd filtered. The filtrate was concentrated to am inimum volume and chromatographed on as ilica gel column with nhexane/CH 2 Cl 2 (7:3) to yield impure green H 3 [Br 8 TPC] (14 mg) and bright green H 2 [iso-10-OH(Br 8 TPC)],c losely followed by the 5-isomer.C rystallization from 2:1C H 3 OH/CHCl 3 yielded the pure 10-isomer (13.6 mg, 22.7 %), whereas crystallization from 2:1 nhexane/CHCl 3 yielded the pure 5-isomer (17. 4 To as olution of H 2 [iso-10-OH-Br 8 TPC] (20 mg, 0.017 mmol) in CHCl 3 (10 mL), was added Co(OAc) 2 ·4 H 2 O( 84 mg, 10 equiv) dissolved in CH 3 OH (2 mL) in ad ropwise manner,w hereupon the mixture changed from bright green to brown. After stirring for 30 min, the mixture was evaporated to dryness and the residue was chromato- Synthesis of H 3 [5-OH,10-H-(CF 3 ) 8 TpOMePC]
To as olution of Cu[(CF 3 ) 8 TpOMePC] (30 mg, 0.024 mmol) in CH 2 Cl 2 (5 mL), was added anhydrous SnCl 2 (46 mg, 10 equiv), followed by dropwise addition of concentrated HCl (37 %, 1mL). After stirring for 1h,t he purple suspension obtained was washed twice with distilled water and once with saturated aqueous NaHCO 3 .T he orange CH 2 Cl 2 phase was dried over Na 2 SO 4 ,f iltered, evaporated to am inimum volume, and chromatographed on as ilica gel column. Elution with 1:1 n-hexane/CH 2 Cl 2 led to ab rown band identified with HR-ESI as the detrifluoromethylated product H 3 [(CF 3 ) 7 TpMeOPC] (1.2 mg), whereas 2:3 n-hexane/ CH 2 Cl 2 resulted in H 3 [5-OH,10-H-(CF 3 ) 8 8 TpOMePC] (20 mg, 0.017 mmol) in absolute ethanol (5 mL), was added anhydrous sodium acetate (78.4 mg, 22 equiv) and the suspension stirred for 5min, upon which it turned orange-red. Cobalt acetate (31.6 mg, 7.5 equiv) was then added and, after stirring for 30 min, the resulting green suspension was rotary evaporated to dryness. The obtained green residue was chromatographed on as ilica gel column. Elution with pure CH 2 Cl 2 resulted in the pure cobalt isocorrole product as an orange-brown band. Subsequent elution with 5:1 CH 2 Cl 2 /MeOH resulted in several green bands. These were combined and rotary evaporated to yield ab rown residue, which, according to HR-ESI, was largely the impure product. Preparative TLC of the combined pure and impure fractions with 2:3 n-hexane/ CH 2 Cl 2 yielded the pure product Co II [iso-10-H-[CF 3 ) 8 
X-ray Crystallographic Analysis
X-ray data were collected on beamline 11.3.1 at the Advanced Light Source, Lawrence Berkeley National Laboratory.S amples were mounted on MiTeGen Kapton loops and placed in a1 00(2) K cold nitrogen stream provided by an Oxford Cryostream 700 Plus low temperature apparatus on the goniometer head of aB ruker D8 diffractometer.A nA PEXII CCD detector was generally used, except for Co II [iso-10-OH-Br 8 TPC](PPh 3 ), where aP HOTON100 CMOS detector operating in shutterless mode was employed. Diffraction data were collected by synchrotron radiation monochromated using silicon(111)t ow avelengths of 0. 8 TpOMePC].I na ll cases, an approximate full-sphere of data was collected by using 0.38 w scans. The structures were solved by intrinsic phasing (SHELXT) and refined by using full-matrix least squares on F 2 (SHELXL-2013/4). All non-hydrogen atoms were refined anisotropically.H ydrogen atoms on all carbon atoms were geometrically calculated and refined as riding atoms. Any hydrogen atoms located on oxygen or nitrogen atoms were found in the Fourier difference map, their distances fixed, and allowed to refine with ar iding model. Additional crystallographic information has been summarized in Ta ble 1a nd full details can be found in the crystallographic information files provided as Supporting Information.
